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POLY AMIDE NANOCOMPOSITES WITH OXYGEN SCAVENGING 

CAPABILITY 

Cross Reference to Related Applications 

This application claims the benefit of United States Provisional Application 
Serial No. 60/165,064 filed November 12, 1999 and 60/148,138, filed August 10, 
1999. 

Backgroimd of Invention 

MXD6 is a commercially available partially-aromatic nylon prepared from 
adipic acid and meta-xylene diamine, and is also available as a copolyamide with 
comonomers including isophthalic acid. MXD6 and copolyamides are preferred 
barrier materials for use in multilayer PET bottles due to their similar processing 
conditions and rheology to PET and due to their improved resistance to 
delamination from PET compared to EVOH. However, their use is limited because 
bottles comprising MXD6 as a blend or as one or more discrete layers with, for 
example, PET have insufficient barrier for packaging highly oxygen sensitive food 
and/or are not recyclable in processes established for mono-layer PET bottles due 
to the large amount of MXD6 that is required. 

Platelet particles have been incorporated to improve the passive oxygen 
barrier of MXD6; however, relatively large amounts of the MXD6-platelet particle 
composite are still needed to achieve the desired oxygen barrier and, therefore, the 
bottles are still difficult, if not impossible to recycle. 

Certain transition metal catalysts have been added to MXD6 to impart 
oxygen scavenging capability (active barrier), which greatly reduces the amount of 
MXD6 needed. However, most food and beverage products require high gas 
barrier properties to more than just oxygen. For example, beer bottles require high 
oxygen barrier to protect the beer and require high carbon dioxide barrier to contain 
the desired carbon dioxide within the package. Active scavenger approaches often 
fall short of meeting the barrier requirements other than or require the use of such a 


large amount of oxygen scavenging MXD6 that the bottles are difficult or 
impossible to recycle. 

Prior Art 

U.S. patent 4,739,007 discloses composite materials comprising a 
polyamide matrix and a dispersed layered silicate material that is incorporated 
during polymerization and imparts high mechanical strength and excellent high 
temperature properties. 

U.S. patent 4,810,734 discloses nylon composites comprising a layered 
silicate material that has been treated with certain organic ammonium compounds 
and incorporated by synthesis using a dispersing aid. 

PCT application WO 93/041 17 discloses composite materials comprising a 
polyamide matrix and a layered silicate material that has been modified with certain 
primary or secondary organic ammonium compounds incorporated during melt 
extrusion to impart improved modulus to the polymer composite. 

PCT application WO 93/1 1 190 discloses nylon composites comprising a 
layered silicate material that has been treated first with certain organic anmionium 
compounds then v^th certain silane compounds and incorporated by melt blending. 

US 97/24103 discloses polymer composites comprising a layered silicate 
material that has been treated first with certain organic ammonium compounds then 
with an expanding agent and incorporated by synthesis or by melt blending. 

U.S. patents 5,021,515 and 5,034,252 disclose high barrier containers 
comprising mixtures of PET and nylon comprising a transition metal oxygen 
scavenging catalyst. US patent 5,077,1 1 1 discloses recyclable multilayer preforms 
and bottles comprising a total of 1-8 wt% of MXD6 comprising a cobalt salt that 
catalyzes oxygen scavenging. This patent suggests that when the total content of 
MXD6 is less than or equal to the preferred amoxmt of 4 wt% that the bottles are 
recyclable. In practice, however, it has been found that bottles comprising less than 
about 4 vdVo of MXD6 have insufficient barrier to carbon dioxide to meet the 
preferred barrier requirements for packaging products that require high gas barrier 
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to oxygen plus one or more other gasses, such as beer. Beer brewing companies 
have published their preferred gas barrier requirements - see for example Norm 
Nieder "Is Plastic Ready for Beer," Proceeding of the 3*^^* International Conference 
on Rigid Polyester Packaging Innovations for Food and Beverages, NovaPak 
5 Americas '98. Those requirements include less than 10% loss of carbon dioxide 

from 2.8-3.0 volumes for about 105-120 days. Bottles prepared as described in the 
above US patents must comprise more than about 4.5 MXD6 to meet this 
requirement. Because such large amounts of MXD6 are required, true recyclability 
is problematical and/or the preferred gas barrier properties are not achieved, v^hich 
10 restricts the applications to short term use, such as promotional and stadium events. 

y Description of the Invention 

■ J This invention relates to polymer-platelet particle composites composed of 

at least one polymer resin and platelet particles uniformly dispersed therein and 
1 5 products produced from said composite. More specifically, this invention relates to 
a polymer-platelet particle composite comprised of at least one polyamide resin, at 
□ least one oxygen scavenging catalyst, and at least one layered silicate material. 

■'i Typically, the layered silicate material is treated to enhance dispersibility into the 

3 composite. The present invention further relates to a process for forming polymer- 

20 platelet particle composites comprising mixing the oxygen scavenging catalyst with 
the layered silicate material and organic cation to bind the organic cation and 
oxygen scavenging catalyst to said layered silicate material to form an organoclay 
and incorporating the organoclay into a polymer. The polymer-platelet particle 
composites produced according to the present invention are especially useful for 
25 preparing clear bottles and film that are recyclable, exhibit improved active gas 

barrier properties to oxygen, and exhibit improved passive barrier to other gasses. 
By virtue of their high gas barrier properties, polymer-platelet particle composites 
produced according to the present invention can be used in relatively minor 
amounts as either a blend or a very thin layer with PET and related copolymers, 
30 either virgin or post consumer recycled, and this low concentration of polymer- 
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platelet particle composite provides the unique combination of good oxygen gas 
barrier protection, good carbon dioxide barrier retention, and recyclability. 

Platelet Particles 

5 The polymer-platelet particle composites of the present invention comprise 

up to about 30 weight percent, preferably less than about 20 w^eight percent, of 
certain platelet particles derived from at least one layered silicate material which 
has been modified with at least one ammonium compound. The amount of platelet 
particles is determined by measuring the residual ash of the polymer-platelet 

1 0 particle compositions when treated in accordance with ASTM D5630-94, which is 
incorporated herein by reference. The gas barrier improvement increases with 
increasing concentration of platelet particles in the composite. While amounts of 
platelet particles as low as about 0.01 percent provide improved barrier (especially 
when well dispersed and ordered), compositions having at least about 0.5 weight 

1 5 percent of the platelet particles are preferred because they display desirable 
improvements in gas permeability. 

Preferred layered silicate materials employed in the invention include any 
solid material having at least some inorganic anionic atoms, ions, or chemical 
groups arranged in generally planar layers in the solid state, wherein the spacing 

20 between at least some of the generally planar layers are capable of being increased, 
swelled, or separated by the insertion of inorganic or organic materials there 
between. Generally layered silicate materials are a dense agglomeration of platelet 
particles which are closely stacked together like cards. The platelet particles of the 
present invention have a thickness of less than about 2 nm and a diameter in the 

25 range of about 10 to about 5000 nm. For the purposes of this invention, such 
measurements refer only to the platelet particle and not to the ammonium 
compounds or any additional dispersing aids and treatment compounds which 
might be used. Suitable layered silicate material are free flowing powders having a 
cation exchange capacity between about 0.3 and about 3 meq/g and preferably 
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between about 0.8 and about 1.5 meq/g and more preferably from about 0.95 to 
about 1.25 meq/g. 

Many layered silicate materials are silicates. As used herein, "silicate" shall 
mean any composition having silicon atoms bound to one or more oxygen atoms to 
5 form anionic groups, in combination with one or more additional cations, wherein 
the cations may be inorganic, metallic, or organic cations. 

Examples of suitable layered silicate materials include natural, synthetic 
and modified phyllosilicates. Illustrative of such natural clays are smectite clays, 
such as montmorillonite, hectorite, mica, vermiculite, bentonite, nontronite, 

1 0 beidelite, volkonskoite, saponite, sauconite, magadite, kenyaite and the like. 

Illustrative of such synthetic clays are synthetic mica, synthetic saponite, synthetic 
hectorite, and the like. Illustrative of such modified clays are flourinated 
montmorillonite, flourinated mica, and the like. Suitable layered silicate materials 
are available from various companies including Southern Clay Products, Gonzalez, 

1 5 Texas; Nanocor, Inc, Arlington Heights, Illinois; Kunimine Industries, Ltd., 

Chiyodaku, Tokyo, Japan and Rheox of Hightown, New York . The most preferred 
platelet particles are derived from sodium bentonite or sodium montmorillonite. 
One of ordinary skill in the art will readily recognize that Wyoming type 
montmorillonite and/or Wyoming-type bentonite are naturally occurring layered 

20 silicate materials comprising large proportions of sodium bentonite or sodium 

montmorillonite. Thus it may be stated that highly preferred platelet particles for 
use in the present invention are residues derived from further treatment of any of 
sodium bentonite, sodium montmorillonite, "Wyoming type" bentonite or 
"Wyoming type" montmorillonite. It is to be understood that at least some of the 

25 sodium cations of a natural or synthetic sodium bentonite or sodium bentonite , a 

naturally occurring "Wyoming type" bentonite or "Wyoming type" montmorillonite 
are removed and/or exchanged when treated with salts of the alkoxylated onium 
cations of the invention. Nevertheless, for the purposes of this invention and 
disclosure, the residues of the treated clays may be referred to, and are defined as a 

30 "Wyoming type bentonite", a "Wyoming type montmorillonite", a "sodium 
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bentonite", or a "sodium montmorillonite". Residues of such clays need not 
contain detectable amounts of sodium after the clays have undergone treatment 
with the alkoxylated onium cation salts of the invention. However, some sodium 
cations may remain. Such clays are readily available in the U.S., known as 
5 Wyoming type montmorillonite, and other parts of the world, including the Kunipia 
clays available from Kunimine Industries, Inc. 

Preferred layered silicate materials are phyllosilicates of the 2:1 type having 
a cation exchange capacity of 0.5 to 2.0 meq/g. The most preferred layered silicate 
materials are smectite clay minerals, particularly bentonite or montmorillonite, 

1 0 more particularly Wyoming-type sodium montmorillonite or Wyoming-type 

sodium bentonite having a cation exchange capacity from about 0.95 to about 1.25 
meq/g. The most preferred layered silicate materials are derived from sodium 
bentonite or sodium montmorillonite. 

Other non-clay materials having the above -described ion-exchange capacity 

1 5 and size, such as chalcogens, may also be used as a source of platelet particles 

under the present invention. Chalcogens are salts of a heavy metal and group VIA 
(O, S, Se, and Te). These materials are known in the art and do not need to be 
described in detail here. 

The layered silicate materials are typically treated to improve dispersion 

20 into the composite. Many useful clay treatments are known in the art, and these 
treatments may also be used before, after, or during incorporation of the layered 
silicate materials into the composites of this invention without deviating from the 
scope of this invention. Examples of usefiil treatments include, but are not limited 
to treatments with silane compounds, expanding agents, polymers and oligomers, 

25 dispersing aids, organic cation salts, and their combinations. 

Examples of usefiil treatment with silane compounds include those 
treatments disclosed in WO 93/1 1 190, incorporated herein by reference. Examples 
of usefiil silane compounds includes (3 -glycidoxypropyl)trimethoxy silane, 2- 
methoxy (polyethyleneoxy)propyl heptamethyl trisiloxane, octadecyl dimethyl (3- 

30 trimethoxysilylpropyl) ammonium chloride and the like. 


Examples of useful treatment with expanding agents include those 
treatments disclosed in US 97/24103, incorporated herein by reference. Oligomeric 
polymers may also be used as suitable expanding agents. 

Useful polymers and oligomers for treating clays include those disclosed in 
US patents 5,552,469 and 5,578,672, incorporated herein by reference. 

Many dispersing aids are known, covering a wide range of materials 
including water, alcohols, ketones, aldehydes, chlorinated solvents, hydrocarbon 
solvents, aromatic solvents, and the like or combinations thereof. 

Useful organic cation salts for additional treatment can be represented as 
follows: 


Ri 


R2 - M - R3 


+ 

X 


R4 

(I) 

wherein M represents nitrogen or phosphorous; X" represents an anion, preferably a 
halide atom such as chloride or bromide; Ri, R2, R3 and R4 are independently 
selected from organic and oligomeric ligands having 1 to 30 carbon atoms or may 
be hydrogen. 

Examples of useful organic ligands include, but are not limited to, linear or 
branched alkyl groups having 1 to 22 carbon atoms, aralkyl groups which are 
benzyl and substituted benzyl moieties including fused-ring moieties having linear 
chains or branches of 1 to 100 carbon atoms in the alkyl portion of the structure, 
aryl groups such as phenyl and substituted phenyl including fused-ring aromatic 
substituents, beta, gamma unsaturated groups having six or less carbon atoms, and 
alkyleneoxide groups having repeating units comprising 2 to 6 carbon atoms. 
Examples of useful oligomeric ligands include, but are not limited to a 
poly(alkylene oxide) group such as polyethylene glycol groups, and polybutylene 
glycol groups; polystyrene, polyacrylate, polycaprolactone, and the like. 


8 


Useful alkoxylated ammonium compounds for the process of this invention 
may also include mono-alkoxylated, di-alkoxylated, tri-alkoxylated, and tetra- 
alkoxylated ammonium compounds. Examples of useful alkoxy ligands include, 
but are not limited to, hydroxyethyl, hydroxypropyl, hydroxybutyl, poly(ethylene 
oxide), poly(propylene oxide), poly(butylene oxide), and the like. 

Illustrative of suitable mono-alkoxylated amine compounds, which are 
converted to the ammonium salt by reaction with a Br0nsted acid, include, but are 
not limited to, compounds represented as follows: 

R3 

Ri N R2 

(CHsCHO)^ R5 

R4 

wherein N represents nitrogen; X' represents an anion, which is preferably a halide 
atom such as chloride or bromide; Ri, R2, and R3 may be the same or different and 
are organic or oligomeric ligands comprising 1 to 30 carbon atoms, or may be 
hydrogen; n is at least 1 ; R4 is hydrogen or a hydrocarbon comprising 1 to 4 carbon 
atoms; and R5 is hydrogen or a hydrocarbon comprising 1 to 7 carbon atoms. 

With respect to the alkoxylated onium compounds or cations, preferred 
alkoxyl groups comprise a group or residue exemplified above and below by the 
formula: 


+ 

X" 


-CH-C^R5 


which may represent either an alkoxyl group or a hydroxy alky 1 group. 
Examples of useful alkoxyl ligands include, but are not limited to groups or 
residues that comprise methoxymethyl, hydroxyethyl, methoxyethyl, 
hydroxypropyl, hydroxybutyl, poly(ethylene oxide), poly(propylene oxide), 
poly(butylene oxide), and the like. Preferred mono-alkoxylated ammonium cations 
are tertiary (i.e. only one of Ri, R2 0r R3 are hydrogen) or are quaternary (i.e. none 
of Ri, R2 or R3 are hydrogen) and are sold under the trade name of Jeffamine by 
Huntsman. 

Examples of useful di-alkoxylated ammonium compounds include, the 
compositions represented as follows: 

(CH2CHO)-Re 

Ri N R2 y^- 

(CH2CHO)— R5 

L R4 - 

wherein N represents nitrogen; X" represents an anion which is preferably a halide 
atom such as chloride or bromide; Ri and R2 may be the same or different and are 
organic or oligomeric ligands comprising 1 to 30 carbon atoms, or may be 
hydrogen; p and n are at least 1 and can be the same or different; and R3, R4, R5 and 
R^ may be same or different and are hydrogen or hydrocarbons comprising 1 to 4 
carbon atoms. Examples of useful di-alkoxylated ammonium cations include, but 
are not limited to bis(l-hydroxymethyl), octadecyl ammonium (having a hydrogen 
attached to nitrogen); bis(2 -hydroxyethyl), octadecyl methyl ammonium; 
octadecyl isopropoxy dimethyl ammonium; and the like or a mixture thereof. 

Illustrative examples of suitable di-ethoxylated ammonium salts include 
those available under the trade name Ethoquad or Ethomeen from Akzo Chemie 
America, namely, Ethoquad 18/25 which is octadecyl 
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methylbis(polyoxyethylene[15]) ammonium chloride and Ethomeen 18/25 which is 
octadecyl bis(polyoxyethylene[15]) amine, wherein the numbers in brackets refer to 
the total nxmiber of ethylene oxide units. 

Preferably, Ri and R2 are organic ligands. Preferred di-alkoxylated 
ammonium cations are tertiary (i.e. only one of Ri or R2 are hydrogen) or are 
quatemeury {Le, neither Ri or R2 are hydrogen). Preferred di-alkoxylated ammonium 
cations within this class have at least one hydroxyalkyl residue {i.e. at least one of 
R5 or R^ are hydrogen). Even more preferred di-alkoxylated ammonium cations 
within this class are tertiary or quaternary, and have two hydroxyalkyl ligands (i.e. 
Ri and R2 are not hydrogen, and R5 and R6 are hydrogen). 

Useful tri-alkoxylated ammonium salts for the compositions, 
nanocomposites, and processes of this invention can be represented as follows: 


(CH2CH0)p"- R7 


Ri N 


(CH2CHO) - Re 


X 


R. 

(CH2CHO) - R5 ' 


R4 


wherein N represents nitrogen; X" represents an anion which is preferably a halide 
such as chloride or bromide; Ri is an organic or oligomeric ligand comprising 1 to 
30 carbon atoms, or may be hydrogen; n, p, and q are at least I and can be the same 
or different; and R2, R3, R4, R5, R^ and R7 may be the same or different and are 
hydrocarbons comprising 1 to 4 carbon atoms or hydrogen. Preferably, Ri and R2 
are not oligomeric. One of ordinary skill in the art will recognize that tri- 
alkoxylated ammonium salts are inherently at least tertiary, and will be quaternary 
if Ri is not hydrogen. 
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Useful tetra-alkoxylated ammonium salts for the nanocomposite and 
process of this invention can be represented as follows: 


(CHjCHO) — R7 


R3— (OCHCH2) 


m 


N 


(CH2CHO) — 


(CH2CHO) — R5 


R 


wherein N represents nitrogen; X' represents an anion which is preferably a haiide 
atom such as chloride or bromide; m, n, p, and q are at least 1 and can be the same 
or different; and Ri, R2, R3, R4, R5, R6, R? and Rg may be the same or different and 
are hydrocarbons comprising 1 to 4 carbon atoms or hydrogen. 

Certain preferred alkoxylated ammonium salts for the compositions, 
nanocomposites and process of this invention is a di-ethoxylated ammonium salt 
represented as follows: 


(CH2CH2O) -H 


N 


R- 


(CH2CH20)^-H 


X 


wherein N represents nitrogen; X* represents an anion which is preferably a haiide 
atom such as chloride or bromide; Ri is an organic or oligomeric ligand comprising 
at least 8 carbon atoms; R2 is hydrogen or an organic and oligomeric ligand 
comprising at least 8 carbon atoms; and p and n are at least 1 and can be the same 
or different. Preferably, R\ and R2 are not oligomeric. Preferably, only one of Ri 
and R2 is hydrogen {i.e. the cation is tertiary), or neither R\ or R2 is hydrogen {i.e. 
the cation is quaternary). 
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Even more preferably, N represents nitrogen; R\ is an organic ligand 
comprising from 1 to 30 carbon atoms; R2 is hydrogen or an organic ligand from 1 
to 4 carbon atoms; *and p and n are at least 1 and can be the same or different. 
Particularly preferably, R2 is an organic ligand (i.e. the cation is quaternary). 
5 Illustrative examples of suitable di-ethoxylated ammonium salts include 

those available under the trade name ETHOQUAD or ETHOMEEN from Akzo 
Chemie America,Chicago Illinois, namely, ETHOQUAD 18/25, which is 
octadecyl methyl bis(polyoxyethylene[15]) ammonium chloride and ETHOMEEN 
18/25, which is octadecyl bis(polyoxyethylene[15])amine, wherein the nimibers in 
1 0 brackets refer to the total number of ethylene oxide units. The most preferred 
; alkoxylated ammonium cations are octadecyl methyl bis(2-hydroxyethyl) 

^ - ammonium and methyl bis(2-hydroxyethyl) tallow ammonium, 

p One of ordinary skill in the art v^Il recognize that tallow is a mixture of 

^2 materials derived from the treatment of animal fats, principally comprising a 50% 

' J 15 majority mixture of chemical compounds having saturated and unsaturated Cig 

j 2 alkyl groups also comprising smaller amounts of other alkyl groups, including C16 

j-^ alkyl groups. Tallow may be treated to remove any unsaturated groups, to generate 

i y hydrogenated tallow. It is to be understood that a reference to "tallow" includes 

:;i "hydrogenated tallow" xmless otherwise specifically indicated herein. 

20 Nxmierous methods to modify layered silicate materials with ammonium 

compounds are known, and any of these methods may be used in the process of this 
invention. One embodiment of this invention is the modification of at least one 
layered silicate material with at least one ammonium compound by the process of 
dispersing the layered silicate material(s) in hot water, most preferably from about 
25 50 to about 80*^C, adding (neat or dissolved in water or alcohol) an organic 

ammonium salt or an organic amine and a Br0nsted acid (thereby forming the 
organic ammonium salt in situ) or their combinations and mixtures with agitation. 
Then the mixture is blended for a period of time sufficient for the organic 
ammonium cations to exchange most of the metal cations present in the galleries 
30 between the layers of the clay material. Then, the organically modified layered 
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silicate material (organoclay) is isolated by methods known in the art including, but 
not limited to, filtration, centrifugation, spray drying, and their combinations. It is 
desirable to use a sufficient amount of the organic ammonium salt to permit 
exchange of most of the metal cations in the galleries of the layered particle for 
5 organic cations; therefore, at least about 0.5 equivalent of organic cation salt is used 
and up to about 3 equivalents of organic cation salt can be used. It is preferred that 
about 0.5 to about 2 equivalents of organic cation salt be used, more preferable 
about 1 .0 to about 1 .5 equivalents. It is often desirable, but not required, to remove 
most of the metal cation salt and most of the excess organic cation salt by washing 
1 0 and by other techniques known in the art. The particle size of the organoclay is 
3 reduced in size by methods known in the art, including, but not limited to, grinding, 

pulverizing, hammer milling, jet milling, and their combinations. It is preferred 
that the average particle size be reduced to less than about 100 microns in diameter, 
more preferably less than about 50 microns in diameter, and most preferably less 
1 5 than about 20 microns in diameter. 

It should be appreciated that on a total composition basis dispersing aids 
and/or pretreatment compounds which are used may account for significant amount 
of the total composition, in some cases up to about 30 weight percent. While it is 
preferred to use as little dispersing aids and/or pretreatment compounds as possible, 
20 the amounts of dispersing aids and/or pretreatment compounds may be as much as 
about 10 times the amoxmt of the platelet particles. 


1 


; a 


. 3 

LS 


Oxygen Scavenging Systems 

According to a preferred embodiment of this invention, the polyamide 

25 comprises a sufficient amount of an oxygen scavenging system to impart the 

desired oxygen barrier and scavenging effect. Because the silicate particles provide 
improved passive barrier to gas, oxygen scavenging by the compositions in this 
invention are more efficient, thus the amount of oxygen scavenging system is less 
than would be required in the absence of the silicate material. This feature provides 

30 the advantages of lower cost, improved ease of preparation, and improved 
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recyclability. The amount of oxygen scavenging system required depends on 
several factors, including the desired oxygen barrier, the thickness of the container 
or film, the amount and selection of polyamide, the amount and selection of silicate 
material, and the selection of oxygen scavenging system. Suitable oxygen 
5 scavenging systems comprise one or more oxidizable materials and often one or 
more catalysts to facilitate the oxidation reaction. 

Numerous oxygen scavenging systems are known and can be incorporated 
into the composition of this invention. Possible oxygen scavenging systems that 
can be used as a component of the present invention are: ethylenically unsaturated 
1 0 hydrocarbons and a transition metal catalyst; ascorbate; isoascorbate; sulfite; 

1 

3 ascorbate with a catalyst, which may be a metal, a salt, or a compound, chelate or 

\ I complex of a transition metal; a transition metal complex or chelate of a 

3 polycarboxylic acid, polyamine or salicylic acid, a reduced form of a quinone, 

ni 

^ anthraquinone or other photoreducible dye, or a carbonyl compoxmd vdth an 

1 5 absorbance in the ultraviolet spectrum ; tannin; polyethers with a transition metal 

2 catalyst; polyamides (such as, but not limited to those used to form the 

~ nanocomposite) with a transition metal catalyst; organic compounds having a 

y tertiary hydrogen, benzylic hydrogen or allylic hydrogen in combination with a 

3 transition metal catalyst; an oxidizable metal usually in combination with a salt; or 
20 a metal in a low oxidation state that can be oxidized further to higher oxidation 

state, usually in combination with a salt. 

Ethylenically unsaturated hydrocarbons may be any aliphatic hydrocarbon 
having at least one carbon-carbon double bond. These unsaturated hydrocarbons 
may be monomeric or polymeric compounds. Specific examples of polymeric 

25 ethylenically unsaturated compounds are polybutadienes, polystyrene- 

polybutadiene copolymers, polymers containing cyclohexene imits, as well as 
polyesters, polyamides, co-polyesters and co-polyamides containing monomers 
having aliphatic carbon-carbon double bonds. Useful polyethers are, but are not 
limited to, polyethylene oxide, polypropylene oxide, polytetramethylene glycol 

30 and poly butylene oxide (poly-tetrahydrofuran). Oxidizable metals include, but are 
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not limited to, Fe, Co, Cu, Ni, V, Mn, Al, Zn, Si, Sn, Ti, Mg, Na. Iron(II) 
compoimds are an example of metal compounds with a metal in a low oxidation 
state that can be oxidized further. 

When a catalyst is used with the polyamide of the nanocomposite, a wide 
range of oxygen scavenging catalysts have been found to be operative, and any of 
these may be used in the practice of this embodiment of the present invention. 
Suitable oxidation catalysts include transition metal catalysts which can readily 
interconvert between at least two oxidation states. Preferably, the transition metal 
is in the form of a transition metal salt with the metal selected from the first, second 
or third transition series of the Periodic Table. Suitable metals include, but are not 
limited to Fe, Co, Cu, Ni, V, Mn, Al, Zn, Si, Sn, Ti, Mg, Na, and more specifically 
include manganese II or III, iron II or III, cobalt II or III, nickel II or III, copper I or 
II, rhodiimi II, III or IV and ruthenium. In some embodiments the most preferred 
transition metal is cobalt. 

Suitable counterions for the metal include, but are not limited to, chloride, 
acetate, acetylacetonate, stearate, palmitate, 2-ethylhexanoate, neodecanoate or 
naphthenate. The metal salt may also be an ionomer, in which case a polymeric 
counterion is employed. Such ionomers are well known in the art. Any amount of 
catalyst which is effective in catalyzing oxygen scavenging may be used. Ranges 
for the oxygen scavenging catalyst include from at least about 1 ppm, preferably 
about 10 to about 10,000 ppm, preferably from about 50 to 500 ppm, and are 
readily ascertained by those skilled in the art. 

The oxygen scavenging catalyst may be incorporated in a number of 
different ways. For example, the catalyst may be incorporated into the polyamide 
either before or after incorporation of the organoclay by well known methods such 
as admixing either before or after the formation of the polyamide pellets. The 
oxygen scavenging catalyst may also be incorporated into the organoclay via ion 
exchange, for example. Binding the oxygen scavenging catalyst to the organoclay 
prevents migration of the oxygen scavenging catalyst from the container wall to its 
contents. Moreover, the catalyst counterion is washed away during the ion 
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exchange process, removing another potentially undesirable migratory compound. 
Finally, incorporating the oxygen scavenging catalyst onto the organoclay can also 
provide processing benefits. It can be difficult to consistently add small amoimts of 
a material into a polymer, such as polyamide, and to insure it has been uniformly 
5 dispersed throughout. It is also difficult to get the oxygen scavenging catalyst in a 
form which is soluble in the polymer melt. Crystals and particulates can be highly 
undesirable because they fi-equently impart haze and voids in the finished article. 

However, when the oxygen scavenging catalyst is incorporated into the 
organoclay these problems are avoided. First, ion exchange allows the catalyst to 
10 be added in a soluble form. Second, far more catalyst can be added because the 

1 

Z organoclay will be let dovm at the appropriate concentration into the polyamide. 

3=' 

Finally, the concentration of the oxygen scavenging catalyst incorporated can be 

J 

J readily controlled by controlling the amoimt of clay sites available for exchange, 

2 via, for example, controlling the amoimt of organic cation added to the clay. 

J 15 Finally, because the counterion on the oxygen scavenging catalyst is washed away 

3 during the exchange process, and the oxygen scavenging catalyst is bound to the 

organoclay, potential migratory compounds are minimized. 

U An oxygen sceivenging catalyst, as used in the specification and concluding 

S claims, includes both the transition metal and counterion, and the transition metal 

20 moiety that is the resulting product a particular reaction scheme or subsequent 

formulation or chemical product. Thus, for example, oxygen scavenging catalyst 
includes both transition metals bound to counterions and the transition metal which 
is which are bound to other components, such as an organoclay. 


25 Polyamides 

Suitable polyamides include partially aromatic polyamides, aliphatic 
polyamides, wholly aromatic polyamides and mixtures and copolymers thereof. 
By "partially aromatic polyamide" it is meant that the amide linkage of the partially 
aromatic polyamide contains at least one aromatic ring and a nonaromatic species. 
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Suitable polyamides have a film forming molecular weight and preferably 
an LV. of about 0.25 to about 1.5 dL/g, preferably about 0.4 to about 1.2 dL/g, and 
more preferably of about 0.7 to about 0.9 dL/g. The I.V. is measured at 25°C in a 
60/40 by weight mixture in phenol/1, 1,2,2-tetrachloroethane at a concentration of 
0.5 grams per 100 ml. Wholly aromatic polyamides comprise in the molecule 
chain at least 70 mole% of structural units derived from m-xylylene diamine or a 
xylylene diamine mixture comprising m-xylylene diamine and up to 30% of 
p-xylylene diamine and an ae-aliphatic dicarboxylic acid having 6 to 10 carbon 
atoms, which are further described in Japanese Patent Publications No. 1 156/75, 
No. 5751/75, No. 5735/75 and No. 10196/75 and Japanese Patent Application 
Laid-Open Specification No. 29697/75, the disclosure of which is incorporated 
herein by reference. 

Polyamides formed from isophthalic acid, terephthalic acid, 
cyclohexanedicarboxylic acid, meta- or pora-xylylene diamine, 1,3- or 
l,4-cyclohexane(bis)methylamine, aliphatic diacids with 6 to 12 carbon atoms, 
aliphatic amino acids or lactams with 6 to 12 carbon atoms, aliphatic diamines with 
4 to 12 carbon atoms, and other generally known polyamide forming diacids and 
diamines can be used. The low molecular weight polyamides may also contain 
small amounts of trifimctional or tetrafunctional comonomers such as trimellitic 
anhydride, pyromellitic dianhydride, or other polyamide forming polyacids and 
polyamines known in the art. 

Preferred partially aromatic polyamides include: poly(w-xylylene 
adipamide), poly(m-xylylene adipamide-co-isophthalamide), poly(hexamethylene 
isophthalamide), poly(hexamethylene isophthalamide-co-terephthalamide), 
poly(hexamethylene adipamide-co-isophthalamide), poly(hexamethylene 
adipamide-co-terephthalamide), poly(hexamethylene isophthalamide-co- 
terephthalamide) and the like or mixtures thereof. More preferred partially 
aromatic polyamides include, but are not limited to poly(m-xylylene adipamide), 
poly(hexamethylene isophthalamide-co-terephthalamide), poly(m-xylylene 
adipamide-co-isophthalamide), and mixtures thereof The most preferred partially 
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aromatic polyamide is poly(/w-xylylene adipamide), which is available from 
Mitsubishi Gas and Chemical Company, Chiyodaku, Tokyo, Japan. Poly(m- 
xylylene adipamide) is a preferred polyamide due to its availability, high gas 
barrier properties, and processability in conjxmction with PET. 

Suitable aliphatic polyamides include polycapramide (nylon 6), 
poly-aminoheptanoic acid (nylon 7), poly-aminonanoic acid (nylon 9), 
polyundecane-amide (nylon 1 1), polylaurylactam (nylon 12), polyethylene- 
adipamide (nylon 2,6), polytetramethylene-adipamide (nylon 4,6), 
polyhexamethylene-adipamide (nylon 6,6), polyhexamethylene-sebacamide (nylon 
6,10), polyhexamethylene-dodecamide (nylon 6,12), polyoctamethylene-adipamide 
(nylon 8,6), polydecamethylene-adipamide (nylon 10,6), polydodecamethylene- 
adipamide (nylon 12,6) and polydodecamethylene-sebacamide (nylon 12,8). 

Preferred aliphatic polyamides include poly(hexamethylene adipamide) and 
poly(caprolactam). The most preferred aliphatic polyamide is poly(hexamethylene 
adipamide). Partially aromatic polyamides, are preferred over the aliphatic 
polyamides where good thermal properties are crucial. 

The most preferred polyamides include poly(w -xylylene adipamide), 
polycapramide (nylon 6), polyhexamethylene-adipamide (nylon 6,6). 

The polyamides are generally prepared by processes which are well knovm 
in the art. 

The polymers of the present invention may also include suitable additives 
normally used in polymers. Such additives may be employed in conventional 
amounts and may be added directly to the reaction forming the matrix polymer. 
Illustrative of such additives known in the art are colorants, pigments, carbon black, 
glass fibers, fillers, impact modifiers, antioxidants, stabilizers, flame retardants, 
reheat aids, crystallization aids, acetaldehyde reducing compounds, recycling 
release aids, plasticizers, nucleators, mold release agents, compatibilizers, 
processing aids and the like, or their combinations. 

All of these additives and many others and their use are knovra in the art 
and do not require extensive discussion. Therefore, only a limited number will be 
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referred to, it being understood that any of these compounds can be used in any 
combination so long as they do not hinder the present invention from 
accomplishing its objects. 

Processes 

In one embodiment of this invention, a polyamide-platelet particle 
composite is prepared and then at least one oxygen scavenging catalyst is 
incorporated into the polymer-platelet particle composite. Many processes to 
prepare polyamide-platelet particle compositions are known, and any of these 
processes may be used to prepare the composites of this present invention. 
Although any melt mixing device may be used, typically, the melt mixing step is 
conducted either by a batch mixing process or by a melt compounding extrusion 
process during which treated or untreated layered particles are introduced into a 
poly amide. Use of extrusion compounding to mix the clay and the polymer is 
preferred because of the ease of preparation and the potential to attain high clay 
loadings. Prior to melt mixing, the treated or untreated layered particles may exist 
in various forms including pellets, flakes, chips and powder. It is preferred that the 
treated or untreated layered particles be reduced in size by methods known in the 
art, such as hammer milling and jet milling. Prior to melt mixing, the polyamide 
may exist in wide variety of forms including pellets, ground chips, powder and 
polyamide melt. In one method of preparing the polymer-platelet composites of 
this invention oligomeric polymers are used as the expanding agent. The clay is 
let down in the oligomeric material to form a concentrate, and then the concentrate 
is let dovm into the desired matrix polymer. Altematively the oligomeric polymer 
and organoclay are incorporated into the polymer matrix at the same stage. Many 
processes to incorporate additives, such as catalysts, are known, and any of these 
processes may be used to prepare the composites of this present invention. In one 
embodiment, a concentrate of oxygen scavenging catalyst in a polyamide or 
copolymer or oligomer and this concentrate is mixed with the polyamide platelet 
particle composite. 
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In another embodiment, the meh mixing step is achieved by dry mixing 
polyamide, concentrate of platelet particles, and concentrate of oxygen scavenging 
catalyst then passing the mixture through a compounding extruder under conditions 
sufficient to melt the polyamide. In yet another embodiment of this invention, the , 
melt mixing step is conducted by feeding the polyamide, concentrate of platelet 
particles, and concentrate of oxygen scavenging catalyst separately into a 
compounding extruder. 

In a preferred embodiment of this invention, a copolymer or oligomer is 
melt mixed wdth the treated clay and oxygen scavenging catalyst to form a 
concentrate that is then melt mixed with a polyamide. This process can be 
conducted in two separate steps in which the concentrate is isolated as a solid, or in 
a series of two steps in which the concentrate is used as a melt mixture, or in a 
single step in which the components are added either simultaneously or 
sequentially. 

In yet another embodiment the oxygen scavenging catalyst is mixed with 
the layered silicate material and organic cation to bind the organic cation and 
oxygen scavenging catalyst to said layered silicate material to form an organoclay. 
The organoclay is incorporated into the matrix polymer to form the polymer- 
platelet particle composite. This process is particularly advantageous when low 
extractables are desired, as the catalyst is bound to the platelet particles. Moreover, 
the counter ions from the cation are washed away during the exchange process, 
reducing the amount and type of unwanted species in the resultant polymer 
composite. Further, exchanging the catalyst to the platelet particles also increases 
the solubility of the selected oxygen scavenging catalyst in the selected polymer. 
This prevents, or at least minimizes, the formation of undesirable salt crystals 
which can degrade clarity as well as barrier in the finished article. 

If desired the composites may be treated before, during or after the 
preparation of the composites of this invention for the purposes of increasing the 
molecular weight or incorporating other fillers, additives, and reagents. Increasing 
the molecular weight of the polyamide-platelet particle composite may be achieved 
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by several different methods including, but not limited to, reactive chain extension, 
solid state polymerization, crosslinking, and melt compounding with a high 
molecular w^eight, melt processible polyamide. Useful additives and reagents 
include adhesive modifiers, toners, dyes, coloring agents, UV absorbers, mold 
release agents, impact modifiers, and their combinations. 

In one embodiment of this invention, the oxygen scavenging catalyst is 
added to the clay either before, during, or after treatments for improving dispersion, 
such as treatment with organic cations. In a preferred embodiment of this process, 
the oxygen scavenging catalyst is incorporated onto the clay in a maimer that 
permits it to be bound to the surface of the clay. Many such processes to bind the 
catalyst to clay, such as by cation exchange, are known by those skilled in the art 
and may be used in the practice of this invention. 

If desired, the oxygen scavenging polyamide platelet particle composite of 
this invention can be mixed with PET and related copolymers, either virgin or post 
consumer recycled. In one embodiment of this invention, a composite is formed 
from a low molecular weight polyamide, silicate material, and an oxygen 
scavenging catalyst, then the composite is mixed with PET and related copolymers, 
either virgin or post consumer recycled. Use of a low molecular weight polyamide 
provides the advantages of improved dispersion of the high concentrations of the 
silicate material in the polyamide composite, as well as improved mixing with the 
oxygen scavenging catalyst and PET. 

Depending upon the polymers selected the layered silicate material may be 
added to a different polymer matrix than the oxygen scavenging system. For 
example, the layered silicate material may be added to a polyamide matrix and the 
oxygen scavenging system may be incorporated into a polyester. These two 
materials could then be used to form a multilayer article, preferably with the 
polyester/oxygen scavenging material disposed in a layer which is closer to the 
packaging contents than the layer comprising the nanocomposite material. 
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Molded Articles 

This invention also relates to articles prepared from the compositions of this 
invention, including, but not limited to film, sheet, molded articles, thermoformed 
articles, stretch blow molded containers, injection blov^ molded containers, and 
5 extrusion blow molded containers. Molded articles typically comprise less than 
about 8 weight % of polyamide, preferably less than about 4 weight % of 
polyamide, although portions of the molded container, such as a bottle sidewall, 
may contain significantly higher local concentrations of the polyamide. Molded 
articles typically comprise less than about 2.5 weight % silicate material as 
1 0 determined by measuring the amount of ash of the molded article when treated in 

?, 

I accordance with ASTM D5 63 0-94, although portions of the molded container, such 

ji 

^ as a bottle sidewall, may contain significantly higher local concentrations of the 

i silicate material. 

In an embodiment of this invention the high barrier polymer-platelet 

1 1 5 particle composites is used with other polymers layers to form multilayer articles, 
,j such as, but not limited to packaging materials. By using a discrete layer of the 

2 composite, the amoxmt of this material that is needed to generate a specific barrier 
J level in the end application is greatly reduced, which improves recyclability and 

: reduces cost. With the polymer-platelet particle composite being sandwiched 

20 between two outer polymer layers, the surface roughness is often considerably less 
than for a monolayer nanocomposite material, thus reducing the level of haze. The 
layers of the multilayer article may be formed at the same time by co-injection 
molding or co-extruding or may be formed sequentially. Preferably the layers are 
formed in the same stage, such as by co-injection or co-extrusion. 
25 In another embodiment of this invention, a mixture of PET and related 

copolymers, either virgin or post consumer recycled, and the polymer-platelet 
particle composite are used as a single layer. By using a single layer, conventional 
equipment for making single layer articles, film, containers, and bottles can be used 
without detracting significantly from the high barrier properties. If desired, the 
30 mixture may be used in conjunction with one or more layers of unmodified PET for 
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the purposes of providing a functional barrier to the composite and/or for 
improving the surface finish of the product. 

Examples 

Oxygen consumption was measured on film samples, which were cut into 
strips, using a Columbus Instruments Micro-Oxymax respirometer with version 
6.04b software. Samples were placed into a glass media bottle with a nominal 
volume of 250 ml. One empty bottle was included as a control blank. The bottles 
were attached to a ten port expansion module. Readings were taken at the start of 
the experiment and then every four hours. The instrument measured the change in 
the oxygen concentration from the previous reading in each cell and calculated the 
total oxygen consumption and rate based on the (previously measured) volume of 
the cell plus oxygen sensor system. The oxygen sensor is an electrochemical fuel 
cell. 

K^n Hi^y i^ie^^ermeahiliTy was measured on tilm sa mplBij nsir rgr a-Mocon 

Comparative Example 1 

Two trilayer films were oxtrudod oompriaing into i nal la>'Ci 5 Of about 
30 vol% of unmodified MXD6 6007, available from Mitsubisbi^Gas Company, 
with two external layers of PET-9921, av^labte'lrorn Eastman Chemical Company. 
Several 2-inch square sectiops-oftiie trilayer films were stretched using a T. M. 
Long instrumentj^4^onentation at about 1 lO^C). The carbon dioxide 
permeaWiit5^alues of the oriented films were determined to be 174 and 59 
[il/100in^*d ay a tm , for the lO - and 30 vol% films roDpeotively^ 

Comparative Example 2 

Into a 34/45, single-neck, 1 -liter, round-bottom flask was charged 250 
grams of a low molecular weight, amine terminated poly(m-xylylene adipamide), 
with IV of about 0.44 dL/g, and 4.23 grams of cobalt acetate tetrahydrate. Under 
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nitrogen atmosphere, the mixture was heated with stirring at 250''C for 120 minutes 
then cooled. The material was removed from the flask, ground to pass a 3 mm 
screen, then stored in a nitrogen atmosphere. X-ray analysis of the product showed 
the concentration of cobah in the product to be about 4000 ppm. 

Using a Leistritz Micro- 18 twin screw extruder, 10 parts of the product was 
extrusion compounded with 90 parts of MXD6 6007, available from Mitsubishi 
Gas Company, at a temperature of about 250°C with screw speed of about 260 rpm 
and feed rate of about 2 kg/hr, to give pelletized material with a cobalt 
concentration about 400 ppm. The pellets were stored under nitrogen. 

^"Two^rilay siLfih^sTy erc xxtrudod comprising internal - lay e rs of about l -fr;gpi" 
30 vol% of immodified MXD6 6007, available from Mitsubishi Gaspon^any, 
with two external layers of PET-9921, available from Eas^jiarfOiemical Company. 
Several 2-inch square sections of the trilayer filmj^w^ stretched using a T. M. 
Long instrument (4x4 orientation at aboj^^tfO^C). The carbon dioxide 
permeability values of the orienjednlms were determined to be 168 and 54 
cc»mil/100in^*day»atm^,.fdfthe 10 and 30 vol% films respectively. Oxygen 
consumption fopacO grams of the inner nanocomposite layer, after removing the 
PET 992LJ:^ers from the unoriented film comprising 30 vol% nanocomposite, was 
deteramied to be about 370 microliters of oxygen over a period of 136 hours, as 
'^bewn in Fignre^l . 

This comparative example shows that the carbon dioxide permeability of 
the oxygen scavenging MXD6 is essentially equivalent to that of unmodified 
MXD6. 

Example 1 

Into a 34/45, single-neck, 1-liter, round-bottom flask were charged 215.75 
grams of a low molecular weight, amine terminated poly(m-xylylene adipamide), 
with IV of about 0.44 dL/g, 34.25 grams of organo montmorillonite clay containing 
a tether, octadecyl methyl bis(hydroxyethyl) ammonium chloride, an organoclay 
available from Southern Clay Products, and 4.23 grams of cobalt(II) acetate 
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tetrahydrate. Under nitrogen atmosphere, the mixture was heated with stirring at 
250°C for 120 minutes then cooled. The material was removed from the flask, 
ground to pass a 3 mm screen, then stored in a nitrogen atmosphere. X-ray analysis 
of the product showed the concentration of cobalt in the product to be about 3800 
ppm. 

Using a Leistritz Micro- 18 twin screw extruder, 10 parts of the product was 
extrusion compounded with 90 parts of MXD6 6007, available from Mitsubishi 
Gas Company, at a temperature of about 260°C with screw speed of about 250 rpm 
and feed rate of about 2 kg/hr, to give pelletized material with a cobalt 
concentration of about 400 ppm and silicate concentration (ash) of about 1.0 wt%. 
The pellets were stored under nitrogen. 

-^S m i trilayer jilmo were extruded compi ' ifling internal layers c 
30 vol% of unmodified MXD6 6007, available from Mitsubishi Gasyorr^^any, 
with two external layers of PET-9921, available from Easto:xarrOiemical Company. 
Several 2-inch square sections of the trilayer films^v^ stretched using a T. M. 
Long instrument (4x4 orientation at abo\^J^t6^C), The carbon dioxide 
permeability values of the orientej^fllms were determined to be 1 1 7 and 4 1 
cc«mil/100in^*dayatm, fojMjie 10 and 30 vol% films respectively. Oxygen 
consumption for 3X)-'grams of the inner nanocomposite layer, after removing the 
PET 9921 layefsfrom the unoriented film comprising 30 vol% nanocomposite, was 
detenpkied to be about 680 microliters of oxygen over a period of 136 hours, as 
i n Figure 1 . 

This example shows that the nanocomposite composition of this invention 
has significantly improved carbon dioxide barrier and oxygen consumption. 

Comparative Example 3 

JJsing a-Leistrite Miuu"18 Iwiu slicw CX^liudcr, 1 paiLb of Ihumalj 
prepared in Comparative Example 1 was extrusion corngfijimdeawith 96 parts of 
PET-20261, available from EastmanXhsmi^^ at a temperature of about 

225Xj!:dth-:^scre-i^ ^ j'^ I T"^ nnr< - fr» . 1 ■ i-i F il -i rmt 9 Wg/t i r „ f^nf^ the 
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^eemposite-was-stored under nitrngeirrTTtnlayer tilm wgTCTtmdedjGQXiipiis^g- 
internal layers of about 50 vol% of this material with two external l^^ppsTof PET- 
9921, available from Eastman Chemical Company. Several 2;;ifrefi square sections 
of the trilayer film was stretched using a T. M. Longjpstfmnent (4x4 orientation at 
about 1 10°C). The carbon dioxide permeability^lue of the oriented film was 
determined to be 41 1 cc-mil/100 ir^:^4^^^^-atm, for the 50 vol% film. Oxygen 
consumption for 10 gramspMieunoriented film comprising 50 vol% of the blend 
of PET 9921 wdti^di^'nanocomposite was determined to be about 60 microliters of 
-o^cyggffovef-ar per -i od of 136 hour s , as s ho^vn in Figtff e"2r^ 


Example 2 

Using a Leistritz Micro- 18 twin screw extruder, 4 parts of the composite 
prepared in Example 1 was extrusion compounded with 96 parts of amber PET- 
20261, available from Eastman Chemical Company, at a temperature of about 
275'^C with screw speed of about 300 rpm and feed rate of about 2 kg/hr, and the 
composite was stored under nitrogen. 
? Jwcrt r tl ay - er fih ns-w exe exlmd c d comp r ising i ntcuidl lay era of abuuL 30 

50 vol% of this material with two extemal layers of PET-9921, avaij^bielrom 
Eastman Chemical Company. Several 2-inch square sectiorrS^ the trilayer films 
were stretched using a T, M. Long instrumentX4'X4OTientation at about 1 10°C). 
The carbon dioxide permeability values-m the oriented films were determined on a 
Mocon Oxtran 1000 permea^iH^^^ter to be 317 and 291 cc»mil/100in^»dayatm, 
for, he 30 and 50 vol^fifiSTrespectivdy. Oxygen consumption for 10 grams of 
the unorientedirim comprising 50 vol% of the blend of PET 9921 with the 
nanocom^site was determined to be about 60 microliters of oxygen over a period 
^64 K3ur5, a3 ohowni in Figu r ed 

This example shows that the improvements are obtained even when very 
minor amounts of the composite of this invention are used as a blend in PET, 
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Example 3 

This example illustrates the preparation of montmorillonite clay in which 
50% of the sodium cations are exchanged with cobalt and 50% with protons. 40 g 
(38.0 meq of exchangeable sodium) of refined Wyoming type sodium 
montmorillonite with cation exchange capacity of 0.95 meq/ g available from 
Southern Clay Products was dispersed in 2000 ml of 70°C water in a Commercial 
Waring Blender. Then 2.36 g (19 meq) of cobalt(II) acetate tetrahydrate in 200 ml 
of water was added followed by additional blending. 50 ml of 0.962 N HCl was 
then added. The mixture was blended, centrifuged, washed with 1000 ml of water 
in the blender, then centrifuged again. The product was dried in an oven at 60°C 
overnight to provide 14.3 g of final product. Ash content was 87.15 wt %, cobalt 
content was 1 .23 %, and X-ray basal spacing was 1.25 nm. 

13.2 grams of the treated clay, prepared as described above, was dry mixed 
with 269 parts of a low molecular weight poly(m-xylylene adipamide), with IV of 
about 0.41 dL/g. The mixture was dried at 1 10°C ovemight in a vacuum oven then 
extruded on the Leistritz Micro 1 8 extruder equipped with a general compounding 
screw. The AccuRate pellet feeder was set at a rate of approximately 2 kg/hr with 
a nitrogen atmosphere over both the feeder and the hopper. The barrel zones were 
set at 230°C (zone 2), 240°C (zones 3-5), 245°C (zones 6-7) and 250°C (zone 8 and 
die) with the screw RPM at approximately 275. 

This material showed good oxygen consumption. 

Example 4 

This example illustrates the preparation of montmorillonite clay in which 50 
% of the sodium cations are exchanged with cobalt(II), 25% with 
octadecyltrimethylammonium cations, and 25 % with protons. 10 g (9.5 meq of 
exchangeable sodium) of refined Wyoming type sodium montmorillonite with 
cation exchange capacity of 0.95 meq/ g available from Southern Clay Products 
was dispersed in 500 ml of 70°C water in a Waring blender. Then 0.59 g (4.75 
meq) of cobalt(II) acetate tetrahydrate and 1.64 g (2.375 meq) of 
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octadecyltrimethylammonium chloride (commercially available as Arquad 18-50 
from Akzo Nobel) in 50 ml of water was added followed by additional blending. 5 
ml of 0.962 N HCl was then added. The mixture was blended, centrifuged, washed 
with 250 ml of water in the blender, then centrifuged again. The product was dried 
in an oven at 60°C ovemight to provide 6.64 g of final product. Cobah content was 
0.99 %, and X-ray basal spacing was 1.34 nm. 

13.4 grams of the treated clay, prepared as described above, was dry mixed 
with 270 parts of a low molecular weight poly(m-xylylene adipamide), with IV of 
about 0.41 dL/g. The mixture was dried at 1 10°C ovemight in a vacuum oven then 
extruded on the Leistritz Micro 1 8 extruder equipped with a general compounding 
screw. The AccuRate pellet feeder was set at a rate of approximately 2 kg/hr with 
a nitrogen atmosphere over both the feeder and the hopper. The barrel zones were 
set at 230°C (zone 2), 240°C (zones 3-5), 245°C (zones 6-7) and 250^*0 (zone 8 and 
die) with the screw RPM at approximately 275. 

This material showed good oxygen consumption. 

Example 5 

This example illustrates the preparation of montmorillonite clay in which 50 
% of the sodium cations are exchanged with cobalt(II) and 50% with 
octadecyl,trimethyl ammonium cations. 10 g (9.5 meq of exchangeable sodium) of 
refined Wyoming type sodium montmorillonite, with cation exchange capacity of 
0.95 meq/g and available from Southern Clay Products, is dispersed in 500 ml of 
70*^C water in a Waring Blender. Then 0.59 g (4.75 meq) of cobalt(II) acetate 
tetrahydrate and 3.28 g (4.75 meq) of octadecyltrimethyl ammonium chloride 
(commercially available as Arquad 18-50 from Akzo Nobel) in 50 ml of water is 
added. The mixture is blended, centrifiiged, washed with 250 ml of water in the 
blender, then centrifuged again. The product is dried in an oven at 60°C ovemight. 

5 parts of the treated clay, prepared as described above, is dry mixed with 
95 parts of a low molecular weight poly(m-xylylene adipamide), with IV of about 
0.41 dL/g. The mixture is dried at about 1 lO^C ovemight in a vacuum oven then 
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extruded on the Leistritz Micro 1 8 extruder equipped with a general compounding 
screw at a temperature of about 260°C. 

This material showed good oxygen consumption. 

Example 6 

about 0.44 dL/g, 1 29 parts of organo montmorillonite clay containing ajj©Sier, 
octadecyi methyl bis(hydroxyethyl) ammonium chloride, an orgailoclay available 
from Southern Clay Products, and 39.8 parts of cobaltQI)^etate tetrahydrate were 
dry mixed then dried at 80°C overnight in a vacuum oven. The mixture was then 
extruded on the Leistritz Micro 1 8 corotatjHg twin screw extruder equipped with a 
general compounding screw at a temp^ature of about 260°C, with screw speed of 
about 250 rpm, and a feed ratexu about 2 kg/hr. The material was air-cooled on a 
casting belt then pelletiz^d:^pon exiting the extruder. After the extmsion was 
complete, about 40 p^s of the pellets were dry-mixed with about 960 parts of 
CBl 1, a polyesjt^ available from Eastman Chemical Company. The mixture was 
then extruded on the Leistritz extruder at a temperature of about 280°C, with screw 
speed pfabout 250 rpm, and a feed rate of about 2 kg/hr. The material was 
extFuded into 5-mil thick film. This film exhibited good carbon dioxide barrier and 
.^do ^cn consumption. 

Examr>le 7 

The procedure of Example 6 was repeated except that 547 parts of the low 
molecular weight nylon, 263 parts of organo montmorillonite clay containing a 
tether, octadecyi methyl bis(hydroxyethyl) ammonium chloride, an organoclay 
available from Southern Clay Products, and 40.6 parts of cobalt(II) acetate 
tetrahydrate in the first extrusion. 
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Comparative Example 4 

The procedure of Example 6 was repeated except that no oxygen 

scavenging catalyst was used. 

Comparative Exaimple 5 

The procedure of Example 7 was repeated except that no oxygen 

scavenging catalyst was used. 


